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1. THINKING ABOUT CHANCE ' % 



' . You probably^have heard or even made statements luch as these: / 

1. More likely than not we will go to the park on Saturday. 

2. Chances; are good that we will get to do it. 

3. fjohn.aiP^'gilly have gqual- chances to win. 

'4. I am almost certain that 'I. can come to^our hoijse 
after school. ' ' * " 

These sentences are alike in .one way. They have words and ide^s ' 
which are used in mathejnatics. These words and ideas are used In a,part of 
mafhemklcsipa] led probability. In probability, we are interested in things 
which hap[5en by phance. By using mathematics we can dfteVi estimate.. > 
'quite accurately what will probably happen. , 



We wilf experiment with.such things as coins, spinners, cojored 
'blocks, anti dice to learn what to expect.' later we will fearn what to'expect' 
by working with numbers instead of using experiments; . , " r , „ _ . 



What Do You Know About Chance?. 



Do you know the'answers to these questions?. 
/• • Who will win the World series this year? 

Will all tbe members of our class be in schopl next Monday? 



How many peopleTm our class-'Will hfv.e perfect spelling 
papers this-^week? ' * . ' ' - * 

r 

f * 

11 I I see a Ford truck on my way home froim. school this 



afternoon?. , . : - 



■ We Qannot bexertain of the answers to questions such as th^^^ 
becaiisethey- are Chance events. Howeyer,lhere are soma things'aiwbt 
chance evehts'whip^ we do knfow. v . , " . , ' ' 

Sjme things are more likely to happeh than others; , For example: 

• — • . f / • ♦ ' 

- f • * »^ <^ « ' * 

, ' ^ Which is'mof:e likeTy, that one of. tfie pupils wjlf be 

• ' absent or ttiat'the teacher .w('ill be absent? " . 



1^, ^ 



' Which is more likely, that ydli will have c^eal for 
■ ' breakfast or'thatyou wilth^ave^real.fpr lunch?' -^l. 

■\ ' " . - • \ ' - ' , ■ ■': ' ' . ' . 

Which/K more. likely, that a^fkw build a model • . 

. * ' . airpiane'or that a gk-l will build i model •airplane'^ , , ' 

/ * ■ 1 ' • ■ . . . ' . ' ... ' 1 • 
/ : Some things are more likely to-happen than not. ThinH of answers 

to the;Se questions: ^ * : . . . 

* •' In Phoenix, Arizona, in July, is-it mQre llkely^than . 

' ■ not that the surlwill be shining^ noon? 

Is it rhore likely than not that you can find the sum . • v 



of 324 and . 465 ? - 

. ■ ' . •. 7 * . . . ' 



. Is . it more likely than not that your neighbor has ■ 
/a TV set? • * * - ' • 



Some ihinas are certain arid some-things are .impossible. Which 
. ' are the^? " • . ' . - * ' 

' ' s - f 'J 

^ ' ,A man can live without any liquid for three months. ' 
"i will use jTiy brain some time this week. ■ • • * 
' My write his- first and last name in Russian. 
r ' All new cars this year will ule water for f.uel. ..^ 
Tomorr^ow, today will be yesterday. . 

•Our ideas about chance might be classified Certain . Uncertain, 
.orf lmftpssible' .- in front.of the following sentences, write C, ',U , * 
f^or I for Certain, Uncertain, or Impossible. 

Sun-willset intheeast. ;6. A river is deeper today . 



_:2, A- river flows downhill. yesbrday. 

_ 3. We will see the sun today. ^ 7. . I, will sleep. 8 hours ^oh 

..Monday. 



4^ Sun will rise 
5. A river flows uphill. 



8. .. I will sleep sometime 

this week. 

9. .1 wilTnot sleep at alJ 

this w^ek. 



Exercises - LessoR I. * 



• Us/the 



these pictures for Exercises 1 through 3. 




L Circle the-letter of the spinner whose pointer is more Ilkely^o stop, 
on red.than blue. ' ^ 



(a) A . or^ B ? 
j (b) C or D ? 
{ L (c) E or F ? 



(d) B- or C ? 
. (e) D 0 r< E ? 
(f) Cor F>t 



2.: Study spinner D and answer these questions. 



(a) Could you get 100 reds in 100 sgjns 
. oh this spinner? 

* (b) Are you II1<ely to get 100 reds In • 
' iOQ' spins on this spinner*? - * 

. (c) ' About how nian'y reds do ^you expect 
' from 100 spins? 



3. Suppose a pirate captain said to you, '.'I will give you just one chance" 
* on a spinner/ If thg pointer stops on blue, into tiie sea you.gp. -ii it 
^ stops on red, you may go free. " . •. 

(a) If the captain let ^ou crioose one of these 

six spinners, whfch would you choose for' ' . . - 
your chance? " * 

. * (b) If the captain allowed you to make the 

. spinner, how would you color the dial? - ' 

. (cA If the captain were very angry, how do 

you think he would color.the dial? , ' 

• ■ . ■ ^ ./ ■ 

Things To Do At Home - Lesson 1. 

1. Look for stories iri the newspaper that U5e some of tfiese words. 

* 

'probable • probability . - ' 

• ' chance equal chance ^ - . , 

likely ' unlrkely -. ' • • ^ ' * ' 

* ■ ■ ■ ' . 

Bring them to share with .your class. . • \ 



2. Place a newspaper on a table.- .Shake two pennies in your cupped hands 
" and drop them ppliiie paper. IVlake a tally mark on a piece of paper to . 
• show the number of heads or tails. (See the example below. ) 



• ' 2 heads^ . 


^ V 

; 1 head and 1 tail 


2 tails 


r 


'^ikntn m m m ■ 
'm III ■ 


utiunm' • 



Do this 60 times and record the results in a table like the one above. 



i. How .many times did you get heads on. both coins? 



2. How many times did you gettails on^both coins? 



3. How many times^did you get one head and one tail?. 



'4 Are your answers to the first three tjuestions the same ^ 
Rumfcer? 



5.7 Are any two of your results equal? 



.6. Do.you expect to get fewer "2 heads" than "1 head and 
1 tail" ? " ^ ' • • • ' V' 
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lesson 2. ' . . - 

Activity 1: Spinning a s*pin/ier with dial 

1 ■ ' 1 
o blue and « fed. 

2 2 

Oirectiohs: ' 

* « 

The pointer of the Spinner is to be spun and a record.made of whether 
it" stops on red or blue. (If it stops exactly.on a line betweep red and blue, 
'make ao record, but spin again. 1 ^ , 

One member of the committee will serve as recorder. Here is a sample 
record of 20, spins to show how the, count should be kept; 



Number of Rec) 


- Number of Blue 


Total Number 
of Spins •' 


M III ■■ 


^ 


mm 11 


12 


^- , ♦ 
20 



■ • ■ The other members of the committee will take turns spinning the 
pointer until a total of 50 spins have been recorded as in the form above. 

: ■ In this class and in math and science classes in higHer grades, you will^ 
. need to. keep a record of results from experiipejits. Practice how by , 
organizing your results and recbrdtng them neatly . , 

■ - . V Mak^ a table on a full sheet of paper similar to the sample on-this 
' page.' Head it "Activity 1": "Record the . results of" 50 spins. The person 
who records the spins and the*pei:sons doing the'spinning should sign tpe 
sheet. Then givQ it to your teacher. - . ; ' • 



12 



Lesson 2. 

/ • ' , > 

Activity 2: Spinning^a.spinner.witK dial 

'1 3 

^ red and ^ blue. .. 

» • • • 

- Directions ; . ' 

The pointer of the spinher is to be -spun and a record nni'de of whether 
it. stops on red or bfue. (If it stops exactly.on a line betvyeen red and blue, 

- make no record, but spin again.) 

' One mem-ber of the committee will serve as a recorder. Here is a 
f ' ■ . '■' 

sample record of 20' spins- to show how the count should be kept: 



■ Number of Red ^ ^ 


Number of Blue 


Total -Number 
of Spins ■ 


m 111 


8 , .. 




12 





Thfrother members^^pf the committee will take turns spinning the . 
.pointer, until a total of - 50* spins have been. recorded on another sheet as 



in the form above. Be sure to put Activity 2 for it§ headihg. 

• When all 50 spii^have been recorded, each committee member:, 
, should sign the report. Give itioy.our teacher.. ' • 




lesson 2. . - f ^ 

"Activity 3: Spinning a spinner with dial 

11' 1 
' *3 ^Tjl-ue, and ^yellow. 



Directions: 




The pointer of the spinner is to be spun and a record -made^ of whether 
it stops on red, , blue,, or yellow^ (If It. stops exactly on a line separating two 
'colors, make no record, but spin again.) ■ 



> 



iOn€.member pf the com mijtee will swerve as recorder. Here is a sampli 
record of 20 spinsto show how theV:ount;should be kept: : • 



Number of . 

- " Red 


Number of 
^ Blue 


• Number of 
Yellow ■ 


Total Number 
'of Spins . 




/ 


> 


-wf ///•( 


9 


m 


5 

• 


20^ 



■ The other members' of the committee will take turns spinning the 

■ •■ r 
pointer, until a total of 50 spins have been recorded on another sheet as 
- • - . ^ ' ' * 

.in the form above; headed '^^ctivity 3".- ' ~ 



^ When. all 50 spins have been, recorded, each committee member' 
should sign the report. Give it to your teacher. 



Lesson 2. 



Activity 4: Tossing a coin. 



D'frections : 




h^ads : 




The coin is to b6 tbssed and a record made of whether i^[{alis with - 
»heads or with tail's showing; . " 

One'meftiber.of tlie committee will serve as recorder. Here is a , 
.sa^nple record of 20 tosses to show how the count should be kept: 



Number of Heads 


Number of\ 


ails ' 


' Total Number . 
' of Tosses 


m mi ^ 

i — 


9 




11. 


20 



•«The othet members of the committee, will take turns tossing the coin, 
until a total of 50! tosses h^^J^e been recorded on another "sheet as in the 
form.3bovei-,He.ad the sheet "Attivity 4"/. ' . ' 

When ajl 50 tosses hav/been recorded, each committee member 
should sign the report. Give it to you^- teacher. " 
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Lessors 2. 



;n1hglliis- spinner 
or 

Tossing a die and- counting the 
numlDe'r of dots on the top face. 





3 \ 


V4 A 


2/ 









• 


• 


• 







Directions : . - ^; 

The pointer of the spinner is to be spun or the die is tos-sed . ^ 
and a record made of the results. • : 

. One member of the committee will^sei-ve as the recorder. Here is 
a'sample-of .20 turns to-show hpw tfie count shpuld'be kept: 



No. of' 
I's 


No. of. 
.2's 


' No.- of 
3's 


No." of 

4's^ 


No; Of 
5'S 


Jo. of 


Total Number 


//// 


m . 


s , 

/ 


'// 


/// 




^ — -v: 


4 


5 


1 , 


2 


3' - 


* 


. ' 



The other. |iembers of the committee will takeJurns, until a total 
of 50 spins .or tosses have been recorded on anotlier ^heet as in ihe form 
above, headed "Activity 5" . , . ' ' " 

: When 50- results have been recordedr sach member of the 

/ 

committee should sign th^report. ■ Give it to your teacher. 



6i 
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Lesson 2. 



AetVity 6: ^Tossing a die and rioting whether 
, the number of dots oh the'top 
face is eVen or odd. ^ ' . . 




Directions: 



- The die is to be tossed and a. record made of whether the number 



of dotsvon the top faceJs an even nujrfberor an odd number. . 

One member of the committee will serve as a recorder. Here is. a 
^sample record of 20 tosses to show Tifiwtheicount shpuld.be icept* 



No. of times even 


No/ of times odd 


■ .Total Number 
of Tosses 


Mil 


7 


'00111 


-13 


20 ' 



Th^otlier members of the committee will take turns tossing the 
die; until a total of 50 - tosses have been recorded on another sheet'as in 

.'the form above, headed "Activity 6%^ ' - . ' 

? ^ •• • " 

. Wl|wi all 50 tosses have been recorded, eachjjember of the 
' committee shoulct,§ign the report. Give it'to your^teacher. 



Lesson 2. 

4 — 

\ . Actlvfty 7; Choosing one of the two 

i card's pictured here. 





Directions: 



The two cards are to be placed face down on the desk. (Be sure thaf 
the person, who is to choose does not know, which card \i which. ) One card 
; .is chosen and a . record is made of thp, picture oti it. ' 

One member of the com mitt^^ will serve as recorder. Here is.a, 
sample of 20 choices to show how the count shou W be keptf / \ - 



Number of A's 


Number of CD's - 


^ TotafNlimber'^ 
' - * of Choices . 


MM ■ 

' ' 


9 


1 


'-11 


20 .. 

V 



^ , The other members of the committee willrtake turns choosing cards 
until a totaLof 50 choices have been recorded on another sheet as in the 
.formabove, headed "Activity 7". 

• • ■ _ . k . 
When all 50 choices hajife been recorded^ each member: 5f the • 

if* 'committee should sign the report. Give it to your teacher. " 
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lesson 2. 



Choosing one of th^ three 












•cards pictured here. 


a': 


i 


A ' 




i 















Directions ; 

. < ' ■ . " <^ 

Thethree cards a re to be pla<^d facedown on the 'desl(. (Be sure. 

that the person who is to choose does pot know which card i^ which.) One 

card is chosen and a record is made of the picture on that card. 

/ * ^ 

; 

*• ' 

One member of the committee will serve as recorder. Her^ is a ' 
sample record of 20, choices to show, ho^ the co'unt shotild be kept: 



Number of A's 


Number of D's 


Total Number'. 
ofChoices 


mm 111 


13 


0 II ■ . 


7 


20 

«< — 



' The other members of the committee will take turns choosing cards, 
until a total of 50 choices have been recorded on another sheet as in the 
form above, headed "Activity 8" - ^ * • • 

When«all 50 choices have been ^recorded, each member of the 
^l-^^^^committee'should sigh the report. Give-it to your teacher. 



1 



I 7 



7'- 
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Lesson 2. 



ivity .9; Choosing a cube from a box 
^ containing one yelloiv and : . 



one, red; 





red 



yellow 



Direction's.: 



Frbfn a tex' containing one r^d cube, and one yellow cube, neither 
visible, a single cube. is chosen and its color "recorded* 

One member of th^committee will serve as- re,corder. Here is a 
sample record of :20 choices to shovy,how the count should be Kept/ , 



T 

Numberof Red 


CtN umber of^Yelii 




, - Total Number 
of Choices 


m m 1 






9 


20, 



The other merrte'rs of the committee will take turns'choosing cubes, 
until a total of 50 choices have been morded on another^sheet as in the 
form above, headed "Activity 9" . 

When all 50 choices have been recorded, each member of the 
committee should sign the report. Give it to your teacher. 
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Lesson 2i 



Activity IQ; Choosing a cube from 
a box containing one " 
; yellow and three reds. 

DTrectionsr . ' ' - ' » 



red • . • red re|j - yellow 



From a box containing three red cubes and onf yellow cube, none 
visible, a single cube is chosen an4 its color recorded. . ' ^ 

■ One member of the committee will serve as/recorder. ' Here is a . 
sample record of *'J0 choices to show howthe coupt should be kept: ! 



. Number of 


Red 


Number of Yellow 


Total Number 
of Choices ^ 




16' 


j/ll ' 




•20 



The other 'memjjers of the committer wiJI take turns chogsin^ cubes, 
until a total of 50 choices brave, been tecorded'on'another sheet as In fhe 
form above, headed^^Activity 10" r 



When all >50 choices have been recorded, each member of the 
committee should sign this report. Give it to your teacher.. 



'Here are ten statements about Chance events: If you think a statement 

is true, pufa T iri thfe blank jfter the ^^^ment. If .yoirth1nl< the ' ' . 
sta'te.ment is not true," put an F in the blahi<r ' - ■ - * -y 

'1. If.a tossed coin does not stand on Its' edge, it. ' " 1-^ • 




is certain jo be either heads or tails. 

•• • . J ; 

2. If we toss a coin once, we afe as likely to 
Jet, a head as a tail. ^ 

3. If'wje toss a coin 100 times,' it^may ^e heads 
0 times or 100^ tfmes or anything in between. . ' '^."'''rt. 

4. If we toss a coin IdDO times, it is very • : " 
unlikely that we will get ^00 tails. ' ^ , '-'^^ 

^ " - 

- f * ' ** 

5. Whether we get rteadsjor tails wh^n we toss 
a coin is a matter of chance. 



4fc 



6. Y^ou might toss a coin 1000 times without 

• getting a single head. CZ-^ ^ 

7. If-a lx)x contains two -blue marbles and one 
red one, ^ you- pick one <|iarble without 

/ looking, the chances are 2 out of 3 that it • ' 
will be blue. \ • 



ERIC 



' win be. blue. \ • . 

8, In Exercise 7," you havepne cFlahce in. ■ 
• tijreje of picking a red marble, \ ' • . 



9. In Exercise 7, . your chances of picking a • 
green marble are zero. 

10. Joe Is eight years old. It is more likely 

• that he' is four feet tall than ten feet tall. 



Read the following statement carefully and then'answer Questions- 11 

to 15 . *. ' ^p'r — -s?' * " ^ , . 

. AySpjnner has a dial which js Qrfe?fQurth \ .% 
• wihteandttjree-fourths red: ^ . ' 



.li. if you spin the pointer 10 ,times, are you ' . 
' likely to get the same numti^f of reels -as ^whites? 



' . 12. Areyou likely to get more whites than reds? 

13. If1he chances. of getting red^a re 3 out of 4, 

• whaf af-e the chances of getting white? • ' 

, ' 14. Can you be" c«rtain^of getting at least one red 

' i ' in^ 10 spins? * ' 

^ 15. Is it very likely that'Vou will get no reds 
in 10 spins.? 
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Read the following statement carefu-lly and'then answer Questions '16 . 
througl( 20. - . ' ' ^ 

* " • ' James has thr«e green marbles and 
'two blue marbles in his pocket. . ' 



16. • How many marbles must he remove to be 

sure of getting a blue marble? ' * 

17. How many marbles must he remove to be 
sure of getting both the blue-ones? 

18. How ijiaay marbles. must "be removed to ' 
be sure of getting both colors? 

19. How many marbles must'be r4moved:to 
be sure of gettiag a g^een .one?^^, 

20. If Jame^ removes one marble, there are""- 

~'* ■ , '. 

three chances out of ■ ? 



that^it will 



be 3 green one. 



+ 



6 



4 
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Think about some things that are certain to happen. Thihk-about sooie 
■ things.that might happen, and atiolit other things that just can't laappen. 
. thgn 'answer questions 21, 22, and 23 . ' , . ' 

21. List three.things that you knovf^fe certain to happen. 



c. 



22. ' List three 'things that may or may ffot hajfpen. 

. • <' 

a:- ■ - ' 



b.' 



c. 



23. List three things.that cannot happen, 
a. 
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h-, , -TMngs To Do At Hom'b - Lesson -3. 



1. ^/Vtake a spinner with a Tlial ^ red, blue, 'and ^ y^Hov^. -UseySlr 
imagination. Spinners can be made from paper plates,' plastic tops from ' 
a paper cup,, cardboard,^ ice- cream, sticks, and so on. Place a bead iindef 
, > the pointer, or anything to keep it upl3lf of the dial. Stick a pin through 
the' pointer, the exact center pfttfe cllaj, and into something like an 
eraser.'^ - . . . ' ' • 

SpiQ'the pointer lOt) times. ;iCeep track of the outcomes in a table-such 
as .this: 







Red, 


Blue 



Yellow 



Total 



\ ^Blue- 


Red ^ 


1 

. Yellow 








r 
a 







'f 



a. How many times did the pointer stop on- blue? 

« 

On red? * ' \ . On^yeffow? , 

b. > Is each of these^oiors equally l.ikely?_ 



c. If you' spin the pointer 900 times, you expect it to $top on red- 
about 300 - 400 500 times. (Circle your-answer.) 
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2. Use the directions in the Appendix to construct a tetrahedron. Color 

one -face- red,- .one blue, another 




yellow, /arid the last^green.. 



Toss the tetrahedrx)n\ 100 times and note thejace that is down. Keep 
track of the outcomes in a table such as this 



Tally 
Total 



Red 


. B.I u e « 


: G r ee n 


' Yellow 


— '. 1 






ft 











a. How many times did.thetetrahe^rorifall on Red 7 ^ 

• Blue? _^ Green? > Yellow? 

^ b. Add th^* number of times it fell on=;red and-on blue. 



c. 



Add the number of times it felL^ green and on yellow.- 

Is B"acli of these sums aboot ^ ofthetotal number of tosses, or. 

1 ■ ' ' 

about 4 ofthetotal number of tosses? AbOut 

If you throw the tetrahedron 1000 tiipeS) a,boUfft)w many times. 

do.you expect it to fallpiT red? On either blue or . 

red? ^ . - ' 




; Iftakff-up a game that^wo {Jeople can play .so that each person wilfhave 
an equal chance of winning. Explain it to the class. ,Describe any 
material needed, such as spinners or dice. Be sure your rules are 

^ 'Clearly stated. * . ^„ 



4. Tosi a die or a cube which has.its faces numbered from" 1 • through ,6. 
The AppendiiTHas directions for constructing a cube (hexahech-on), of 
. you may use*a die from some game. ' 

° Toss it 180 times, Use a table to keep a record of the results. • • 



Tally 
TotaF 



Tally 



Number of I's 


• Numberof 2's 


I X ^ 

' [dumber of 3's 
















Numberof 4's 


Numberof 5's 


Numberof 6's 


i 




i : \ 


/ 4 








a. Did each face come up at least once? 

b. The faces are .either odd (1, 3, 5) or even (2, 4, 6). On -180 
tosses, about how many outcomes would you expect. to be even . 
numbers? , , . ' ' In your experiment, how marry-were even 

. numbers? - 

c' On a die or cube, each of the sjx faces has an equal chance to be 

up. In 180 tosses, how often would you expect 2Jobeup? 

5.tobeup? In you experiment of 180 tosses, how ' 

many times was 2 up? 5? 

♦ * 

d. Ifjou tossed a die 6000 times, about' how often would you .expect 
each face to be up? • ' 

* 



Lesson 4. . . \ • . . 

Activity il: Tossing^xoin -'^ a team activity. \ ' 

? 

directions ; • ' 

Tlie coin is to be tossWten times and a record made of wfietfier it falls 
lieads or tails. - -r .. ' : 

One member will toss tjie coin and another member will record the 
result. Here is a sailiple record of 10 tosses to show how to record the 
results.- • ' ' . 



'. Sample Record 



, Number of Heads . 


Number of Tails 


^ Total Number- 
of Tosses 


nil 


4 


01 , 


6 


10 

• 



On ^mother sheet m^ake a table similar to tl;ie one abov€| Keep track of your 
results for 10 tosses: Each, member of the team should sign the sheet. 
Your teacher will ask for it soon, because, your result's will be used jn a 
class activity. , 
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Lesson 4. " •■ . ' v 

Clas? Data Sheet for Tossing a Coin --• To accompany Activity 11. 





in in ToQQPQ 


Mn nf ilc 
* «■ 
in in Tn^^pQ * 


■ A . 






B 




» * 


C 




.iv \. , ; : 


.D f 


- 1 1 , ' — 








" 


F 


» 1 












) ^ 




-I- 












-Total . 







1. Which team ^lad the largest number of heads in 10 tosses? 
the largest Dumber of tails in 10 tosses? ■ ; v • 

2. About how often would you expect heads in 10 toss€S? 

in' 100 tosses? 



3. Eath team tossed the coin 10 times, In^ll, how' many times was the 
coin.tossed? , What is one-half of this- number? ^ 

4. -Out of all these tosses, -how many times- did heads o^cur? 
Is this about one-half the aumber of tosses? 



Would we need to recol-d thf number of tails on our Class D3ta» 
-r ^ Sheet? * -'• ^ " . 



-3^ f 
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30 
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lesson 4. 



■ Graph Sheet for Tossing a Coin — To accompany Activity 11. 



i-V 'v. 

/Directions: 



*. Graph eacti team's data with an "0". (Ose the scale on the'left.) • 
Grapti the c^ass total data with an- "X". (Use the scale.on the; right.) 



CO 

CO 
CO 

O 



10 



8 



CO 

31 



5 



o 

I 

1 

0 



' 100 
- 90 



CO 

•80 S 

o 



70 • 

60 ' 



O 

o 



.50- ^ 



40 
30 

20 • 

10 r 

0 



X 

o 
E 



^ A . B C vD E F G H I J 
. ^ Teams 



Total 



Compare the graph of- each teanVs results of 10 tosses with. the graph of the 
total. data of 100 tosses. . . 

1. In general, which is more nearly what ^ou would expect, the various 
teams' results or the total results? 



2. Is the number of heads- in 100 tosses more.nearly what you would expect 

than the results. your team had in 10 tosses? 

|.. Is a larger number of tosses more likely to result in what you expect than 
' Justafewlosse's?' 31 * . 



LessoR 4. 



Activity 12: Tossing a die --'a team activity. 
Directions: 

f 

. The die 'is to be tossed sixty times and a record made of the number of 

dots on the top face. • ' ^' 1V/ • ' 

>. » ^ ■ ■ 

One member will toss the die and another will record the result. Here- 
is a sample record of, 20 tosses. \ , 









Sample 


Record 








No. ,ofH 


No. 0f.E!l 


No. oflZl 


No. ofl^l 


No.' of El 


No. of it 


Tally * 


// 




/(/ 


it ' / j 






Total- 


■ 2 


4 


3 


-a — 


. 3 


6 



/ 



Use a sheet of paper to make a table similar to the one above. Toss the die 
60 times and record the results in your table. Each member of the team 
should sign the sheet. Your, teacher will soon ask for it because you/ 
results will be used in a class activity. 
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Lesson 4. 



Class Data Sheet for Tossing a Die To accompany . Activity 12. 



Team 



D 



I 



Total 



No. of 

□ 



No. of 

0 



No. of 



No. of 



No. of 



No. of 



Tot^l No. 
of fosses' 



600 



1. 
2. 
3. 
4. 

5. 

» 

6. 



^ERJC 



From the totals, which face of the die was up the mo'st? 

Are any two or more totals the same? Which? . * . 

Didany team fail to get all s|x numbers? 

Would you expect that on 60. tosses, , each number would come up " 
a| least once? 

If we tossecl a die 1000 times, could we be sure that every number^ 

would come up at least once? 

In 600 tosses of a die, about how many times would you expect each 
face to be up? ' 

' ' 33 



] - 



CI 



Lesson 4 ' * 

Graph Sheet for Tpssinc|^ a Die To accompany Activity 12. 
Directions: ''\ ' 1 

Graph your team's data with aa-."0". 
■ 60 



2 57 

^ rA 

*~ 51 
S 48 

.E 45 

■S.42 
^ '39 
8 36 
? 33 

CO 27 

I 24 

I 21 

•5 18 
15- 

f 12 

I 9 

4S 6 

b 







— — 
























• 




*• 




* 


7 


























































) 




































/ 





















































* 

















, ' . * 1 2 • ' 3 4 5 6 

Number on Face 

1. Did you have any results which you think are unusual? 



2. What makes you think these results are unusual? 



i 



lesson '4 - ' ' ' - ' /• * 

GraghSlieet of Total Die "To accompli ny Activity 

'Directions: ^ !• . . ' 



12. 



Graph thetotal class results with an "X". ; 



600 

570 -is 
540 g 
510 

480 § 
450: e 
420 
390- 
369 
330 
300 
270 
240 
210 
.180. 
150 
120 
90 
60 
30 - 
0 



CP 



13 

o 
O 

O 

03 
CO 

E 



E 
3 



CO 

16 



r 



J 



1 



5 



6 



"* 'Number on Face^ '^'r - . " 
This graph form is the same form that you used to. graph your team's/esults. 

However, the numbers prithe right side, a re ten.times those on your^eam's 

graph form. This is a graph of 600 tosses instead of .60 tosses. Compare your 

' ' team's graph with this graph. * . ; 

. 1. Does .your team's graph seem to be farther from the expected results, orare • 
the total class results farther #.pm the expected results? 
^ 2. . ; Can you ..explain why tfiis is sp?S^ 
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GRAPH OF COMMITTEE ACTIVITIES 



Activity 



1, 

Spinner 
-1/2 Red 
1/2 Blue 



. 4 

Coin 



Die 



2 Cards 
1 with A 
1 with a 



2 Cubes 
IRed 
1 Yellow 



^ 2 

SpijKier 
1/4 Red 
3/4 Blue 



10 s 

4 Cubes 
3 Red 
IVfellow 



3 ' 

Spinher 
1/3 Red 
U3 Bluej, 
1/3 Yeffdw 



8 

3 Cards 
2 with A 
i wlthQ 



5 

Spinnec 

or 
'.Die- 



Choice 



Blues 



Heads 



Even 



Triangles 



Reds^ 



Blues 



Reds 



Reds 



Squares 



Ones 



50 
48. 

46 
44 
42^ 
40 
38 
36 
34 

^ 30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 

8 

6 

4 

I— 0 - 
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rcises :. LBsson 5. 



' 1. Jim tossed a-Goin 50 times in groups of 10 tosses. . He kept a record of 
• the results by tallie^. H stands for heads. T stands for tails. 



Tosses 



Tallies' 



Number 
of heads" 



• First 10 


Sej:ond 10 


' Third 10 


Fourth 10 


Fiph- lO;^, 




T 


; H 


T 


H 


T ^ 


H 


J 


H 


T 




!(/ . 


//// 


iHfl 


IHfJ 


-//// . 


/// 


An.*- ^ 




//// 


- 7 . 




4' 




6 - 




3 




6- 





CO 
<D 
CO 

v> 
o 



a. 

10. 
9 

7 

• 5 ■ 



"Drawa bar graph to Show the number of heads Jim got on each 
group of 10 tosses. 



CO 

CO' 

□C 4 



i° 2 



1 

0 





/ 


























/ 




/ 








— — ^ 






















J. ♦ 
« 




3 








V 



























First Second Third Fourth Fifth 
10. 10 10 10 10 . 

Series of Tosses 



b. Out of 50 trials, how 
many heads did he 

• toss?_^ 

c. On which series cfid- 
' • he have the most 

heads? \ 

d. On which series did 
he have the most 
tails? ' • 

e. Did'the number of 
: heads equal the 

number of tails on any 
one series? 



i Nine other boys in Jim's class did the experiment, too. .Their results for 
^ 5b tosses were: . ' ' . - . . 

■ . Bill 35 heads 15 tails 



CO 
CO 

o 



o 



CO 
X 



JQ 

E 
3 
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Bob .19 heads 31 tails 
Scottas heads 32- tails 
Tom 30 heads ^20 tails 
Doug 21 Ji'eads 29 tails 



Andy\ 20 heads 30 -tails 

Chu'9i< 27 heads 23 tails 

Johfi 17 heads 33 tails - 

Perry ',23 heads 27 tails' 



iMake a baV graph ^ show the number of heads these ten boys tossed. Use 
the scale on ttie left. Make another graph of the total number of heads in 
Boo tosses, w the sc3le' on Jhe right. . 
50r 



48 



44 
42 
40 



38 
36 
.34 



32 
30 
28 
26 
24 
22 
20 
.18 
16 
U 
12 
10 
8 
6 
4 
2 
0 







































































■ 


r 






















<* 




• 
























































" 


































<• 












t 




















t 


m 












• 






4r' 






























































/ 
























f 


r 























































































































































• * 

























o 

CD 



O 
CO 



E 
o 



CD 



c 
< 



=3 

x: 
o 



c 

O 



Bqys Who Tossed a Coin 



Class 
Total, 



500 
480 
460 
440 
420 
400 
.380 
360 
.340 
320 
300 
280 
260 
240 
220- 
-200 
180 
160 

rio 

120 
100 
80 
60 : 
40 
20 
0 ' 



4 



CO 
0^ 
CO 
CO 

o 



o 

ITS 



CO 
CD 



CD. 

x:x 
E 
3 



2. (Continued) 
. 3. Who are the boys who tossed more he^ds than tails? 



4 



; b. Who tossed the smallest number of heads? 
* Who tossed the largest number of tails? 



IsmissuroTisinq? Why? 



c. Which boy, do you think, might have been most surprised by the 
results he had m 50 tosses bf the coin? . ' 

.Why?l 1 

d. Each of the ten boys tossed a coin 50 times. This makes a total of 

' tosses. How mny of these tosses were heads? ^ 



Without counting, how many of these tosses were tails? 
e. 'How many boys tossed more than 25 heads'? 



, I Draw-a horizontal line across the graph so that about^s many of the 
- ' boys have results aWe the-line as bel^w. At what number does this 
' line intersect tiTe left edge of the graph? • ' 

: g. At what number does this lin,e intersect the graph of theclass total?. 

Is this about the same as the nu^mber of he'ads the.^ys 



rfijssedin 500 tdsses? 



h. Would you rather tell h{)w many heads you expect in 10 tosses of 
a coin or in 500 tosses Qf a coin ? ^ tosses. 



3. Below is a bar graph pf the res u Its- sain e girls 
fDund in using Ihe spinner at the Fight. Yau can 
read it in the same way you do other bar graphs. 
% Look at it carefully, and you will sfee how-to do 
this. ^Use it to answer a throtigh h^ 



35 ^-7^"^ 




--i^mber of Blues in 50 Spins 



.0 



5 ' 



10 



15^ 



20- 



.MSry 
•Betty . 
Ann 
Sue . 

Total 























• 














r 




















> 






















































: ^ 





















































0 



20 .. 40' /60 

Nuffiberof Blues in 200 Spins 



:80 



a. Wha.had the smallest number of blues in 50 spins? 



•b. Who had the largest number of blues in 50^pins? 
c. Hew many reds did Betty get in 50 ^pins? 



d. Which of these fractions' tells abo>jt how much of the dial is'blue? 

2 ' M 4 ' ' 

e. Did any girl get 25 or more-blues? ^ 



-f. 

g. 



How many times in .all was th^ spinner sppn b^he girls? "Ip 

How many of these spins ended on blue? , Is this about 

the number of blues you would expect on 200 spins? ' ^ \ : 



h-. Would you V-ather.gtiess the number of blues on 20 spins or Q|r^. 

spins. 

40 • . ■ . ' " ? 



200 spms? ^ 



4. Here are some more spinners. and graphs. 






o o 



80 
70 
60 
50 
40 
30 
20 
10 
0 






2 












T r. r \ ■ 






















































0 








175 
150 



5 -1. 125 

O 



100 
75 
50 
25 
0 




'el low 



i * 
























' V y 









Graph A 



Graph B 



> 

CO 


450 


a> 


^375 




:i-300 


O 


'& 225 




° 150 


e 


S 75 




. 0 



Graph C 



700 

I ^ 600 
oQ-o. 500 
400 

^§300 
|,c 200 

Z '^^ 



Graph D 
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a. Graph A was probably made by i4sing,dataJrmipinner. 



b. 'Graph B was probably made by using data from spinner 

C 41 ' 



{Continued) . . , ' 

c. ' Graph C was probably made by using data from spinner 

d. Graph D was probably fhade by using data from spinner 



de. Which, spinner would you choose if^ wanted to be most likely 
of getting blue? ._ • . • 

f. On which spinner is red more likely than blue? - 



g. One of the spinners is spun 10,000 times. Blue was the result 
3, 300 times. Which spinner would you expect was used? , 



h. Spinnef. 2 is spun 1,000 times. Draw a bar graph to show 
^ the number of blues 



you would fxpect. 



250 
200 



to , - 

i *^ 150 

0 o . 

feo 100 

1 .E ' 50 



0 t 



■•si 



i. Spinner 3 is spun 1,000 times. Draw a bar graph to show the 



number of reds 
you would expect. 



• 500 
■g ^ 400 
•5 ^ 300 
1 1 200 
i.E 100 



42 " 



0 



Look at these spinners. 



You know that you can j^e fractions to compare the chances of • 



different.results. 
Complete this table. 



1 

2 of dial red 


means 


1. chance in 2 


means 


Chance of red 


1 
2 


^of dial blue . 


means 


chance in 2 


means ' 


^Chance of blue 




|of dial red 


means 


1 chance in 


means 


Chance of red 




3 

^' of dial blue 
jof dial yellow 




> 








means 
means 


qhance in 3 

J . ; : 

chance in 


means 
me'ahs 


Chance of blue . 

Chanceof yellow 

* _ 


1 

3 — 

3 










•1. 




7 of dial red 
4 


mea^s 


_ chance in 


means 


Ctiance of red 


* 


3 • • 

^ of -dial -blue . 


.mea^trs' 


chancres in 4 


means 


Chance of blue 




All of dial red 


means 


red is certain t.i^ 

\ 


meaR$,; . 


Chance of red 




'of dial red 


means 


) 

red is impossible 


means 


Chance of red 


= 0 

^ 
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f ^ Exercises - Lesson 6. ^- / ' 

- .' ' » ■ ' . 

• ' , ■ • ,' ■ 

11/ 1. James spins the pointerpf a spirjner, 100 times and gets 35 reds. 
't" . • • - 

i; ^ Whicli of the following statements' is most lilcely to be true? 

• ' ■ ' ' ~ ' - I 

t .(a) The dial of the spinner is ajl red. 

f;; . ib) The dial of the spinner is brte-half blue^ 

t/- dc) The dial of the spinner is one-eighth red. ' - 

K (d) The dial of the spinner is one-third rSl. 

■/ 2. Maryspins theppinterof a spinner 100 times and gets 25 red, 25 

blue, and 50 yellow. Which of the following statjsments cannot be true? 
\ ; (a) .The dial^f the spinner is one-fourth yellow, r . " * 
- . (b) The dial of the spinner is one-third green. * . ; 

(c) The dial of the spinner is one-fourth blue. > ■ ■ 

(d) The tlial of the spinner is all red; . ' 

3." A spinner. has a dial that is one-ttfird red, one-half white, and one-sixth 

blue. Which of the following cannot result from eicactly 100 spins? * \ 

;i (a) 30 reds, 50 whites and 20 blues. ' 

ft ■ - - • - ■ ■ ) ' 

Isl : • (b) 40 reds, 40 whites and 20 blues. 

U (c) 50 reds, 5 whites' and 10 blues. . . . • 

-{ ' ' ' . • 

" ■ . (d) 60 reds, 40 whites and ' 0 blues. 




I You wish to get exactly 5 reds and 5 blues in" 15 spins. Which of the 
following dials could not give this, result? 

(a) One-half red and one-half blue. ' ^ 

(b) One-third red, one-third blue and one-third yellow. , ; ^ 

(c) One-fourth red, one-fourth blue and one-half yelldw. 

(d) One-fifth red, - two-fifths blue and two-fift|is yellow. 

• ' ■ ~ ' ' 1 ' 

5. -. In which-of the following statements is the chance of red equal to ^ ? 
• (a) One chance in two of red. 

(b) Two chances in four of red. ' • - 

(c) One chance in five of red. ' . — 

(d) Two chances in eight of red. . ^ > 

6. Whicji of the following spinr\ers is likely td'give about the same number 
of reds and yellows? s 

. (?) One-half red, one-fourth yellow, oiie-fourth blue. 

(b) One-third red, two-thirds yellow. " x. ^ 

(c) One-third-red, one-third yelloW, one-third blue. 

(d) Four-fifths yellow, one-fifth red. / 

7. ^ If the dial of a spipner is all'fed, we say the chance of red is equal to- 

• • # * 

(a) any other "Chance. . . * 

' \ (b) pne'chance in two. 

(c) one-half. • * 

--'W one: . j- 



... ' ' / 

8. If the dial of a spinner is alhblue, we say the chance of red is equaj to: 
(a) one. , : ■ 

^ (b) zero. • . x 

. (c) one chance in one. ' ^ * 

(d) one-half. ' 

9. Thexlialof a spinnerjs one-third red, one-third yellow, and one-third 
blue. Which of the following statements are true? 

(a) Red, yellow, and blue are equally likely to occur. 

, (fiV The chance of getting red is equal to ^. 

3 , 

. -(c) One spin must result in either red or yellow or blue, 
(d) The chance of getting green is equal to zero. " 

10. If the chance of red on a spinner is equal to zero, which of the followmg 
statements could be true? ' *v 

(a) The dial is all red. 
. (b) The'dial is all blue. , ' ^ ^ 

(is) The dial haj^ at least two colors. ; . j " 

. / (d) 'The^diafJl^Jias^#f€ast three tolors. ' 



11. Complete this table. ' 



All'Of dial red means 
None of dial red means 

I of dial red , 
I of dial blue 



7 of dial red 
4 

3 

•tof dial blue 
4 

^ of dial red 



^pf dial blue 
^of dial yellow 

red cubes 

. and 
. blue cube^ 




red i$ certain 

red is impossible 

i 

1. chance in 2 df red 
chance in 2 j^f blue 

L^icynce in- of red 



means Chance of red = 1 
means Chance of r*ed = 0 



mearfs P(R) = 1 
means P(R) = 



means 



Chance of red .= 
.Chance of blue = 

X . 

Chance of red = 



ineans < 



P(R) = 
P(B) = 



1 



means 



> means 



_ chances m^i J^T'^ 

chance in= 3 of red 

1 . chance in of bluf 
chance m of yellow 

2 chances in of red 

chance in 3 of blue 



meaps 



•means 



Chance of blue ,= _ 

/ ' ■ •J 
Chance of red = 

Chance of blue = _ 

Chance of yellow = 

Chance of red = , > 



] ■ ' 1 
Chance of blue = 5 • 




> means 



^P(B) = __ 
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12. A spinner has a dial which is evenly divide(^into red, white, and blue 
spaces. Write a number sentence that descn^es the chamce of getting 
blue. V_ 

13. Write a number sentence that answers the question, "What is the 
probability of yellow on the spinner in Problem 12 ?" . '/ 

14. In Problem 12 P(R) = ' 

15. Write this number sentence (about Problem" 12T in words : P(W) = \ . 

* 16. A bag confains several mafblel Some" are red, some white, and the rest 

'1 

. ^^^blue. If you pick one marble without l.ooking, the probability of red is ^ 
^ ' and the prdbability of white is What is the probability^of blue? 



17. A bag contains one red marble, twoiA/hite maj^les, and three blue 
marbles. If you pic^< one marble withoi^oking, what is the probability 
that the marble will be red? 

18. In Problem 17, what is the probability that the pfrarble will be. 

white? . v 

— ~ — — r~ . 

49. In- Problem 17 ,'|. what is the probability^,that th^ma.rble will te 

blue? ' ' ' 

.20; In Problem 17 , how many white marbles m,ust be added to the bag 
. to make the probability of white equal to | ? _ 



21. ■^'Write the following number sentence in symbols: "The^^pejlabiiity of 
ye I low is equa I to t h r ee -f o u rt^s. ' ' 



. A wooden cube has a dot on two of its faces. If it is tossed on the floor, 
whatis the probability that a face-:With a dot on it wilUe oh the bottom . 
. when it stops rolling? ; 

23. In l^roblem 22, what is the probability that a face withoutia dot will be 
on the bottom? , ' . . 

24. The dial of a spinner is divided into thre§ colors: red,, white, and.blue. 
'/If P(R) = ^ -and P(W) = \ ; what is the probability of blue? 

'25. In , Problem. 24, is the probability of red greater.than, Ie5:sthan, or, 
equal to the probability of blue? - 



26. P(3) .= \^ 



27: pdO) =• 



28: Is P(4). = P(8)-?. 



... / 



/\ 8 

























The dwi of this spinner is divided into 6 equsl regions'.; 

. ■ — ^ • ' 

29. P(2) = . ' ./ 

30r P(5) = ' . / 
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Brain Teasers ' 



L * John has ten pairs of socks in a drawer. Nine pairlare red and one is^C 
blue. If he picks the socks ofie at a time without looking, how many 
socks must he pick to be sure "he has two st)cHs of the same color? 




2. A bagxontains several marblds?) Some are red, some white, and the rest 
^ blue. If the probability of picking red is 7'and the probabi^lity of picking 
. white is- ^ , what is the probabijity of picking blue? - ^ 

3. In Bram Teaser 2, what is the smallest number.of marbles that coul(i 
be in the bag? 



4. Ih Brain Teaser 2, could the bag contain 48 marbles? 



5. In Brain Teaser 2, if the bag contains 4 red marbles and 8 whjte 
marbles, how many blue marbles does it contain? , 
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Exercises - Lesson^ 7. 



John and Paul each have one white and one'green marble. John picks 
J one of his marbles without looking and then Paul pickj one of his. The four 

possible outcomes are listed in the table below. Complete the table oh the 
' ri^ht to shovy the outcomes in a sh<^fter'^vay. ^ 





John's 
Marble 


• Paul's 

• Marblef 






•John's 
Marble 


Paul's 
' Marble 


1. 


• Whity 


White^ 


1. 


W. 


W 


2. 


White- 


Green 




2. 


. W 




3. 


-Green 


White 






^G 




4. 


Green 


Green 




' ■ 4. 







1. What is the probability that John^picks a while marble? 

2. ' What is the probabiTrty that Paul*picks a white|marble?- 



: . 3.. What is'theprQbability.that both boys pick white marbles? ^ 



,. - 4. What is the pi-obabili^y that both boys pick green marbles? 

What is the protebility that the boys pick a marbl6 of the same 
color? . - ' 



^2 



ai P(ww) = 

•b. P(WG) = 
' c. .P(GW) = 
6, .■.P(GG)- = 



P(Not WW) = 



P(Not WG) = / 

7^ 



?{M GW) = 
PiNotGG) = 



7. 



e. -P(WGorGW) = 

a. P(GG) + P(WW) 

b. P{GW) + P(WG) 



c. p(wvy 



P(Not WG and Not GW) = 



8. 




+ 
+ 



a. If John Jicks ^ White^marble, what is the prababilitv that Paaf 
will npM ^K a. white marble? - / 

b. Does John's outcome have any effect on Paul's outcome?-^ 



9. 



a; If John picks a green ^narble, what-is the probability that Paul 
also picks a green ma rj3le? ' " • 



b. iMejs. BaaJls^pick depend'dn what John picks? 



<3i 



What is the probability that Paul will not pick a marble of the same 
color as Jotin's ? ' - 



Rir 



,1 
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. A bag contains three marbles, one red, one white and one blue. - 
. Imaginathat you choose,one marble without looking. 

11. P(R)= * . - 



12. P(R'orW) = . 



13. P(NotB) = 

14. 1-P(R).= 



15. P(R)+1^(W) + P(B) = 



The dial of this spinner is divided into six equal regions^ 
16. P(3) = ^ ; 



17. P(Not3) = 
18: P(5or'6) = 




19. Pdor 3-or ror5or6) = 
20iP.(2)= . ^ 




21. Xre'the events in Problems 19 and 20 complementary events? 



•>• 22. 1-P(3) = 



23t 1 -P/N0t3)-= 



24. P(3) + P(N(5t 3) = 
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Exercises 



i 



1. Conjipleteth^ tree diagram and the table 

to ^how the possible outcomes of two spins 

- ' wit^ this, spinner. - ^ 

• ; Tree 
First Spin SecondSpin 
_ Red 

Red 
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- First 
Spin 



' Second Spin 





Red . 


Blue 


Red 


R 












- Blue 



a. P(RR) = 



b. .P(NotRR) = 



c. P{BR) = 



d. P(BB or RR) = 



2. Complete this tree diagi^am and4he table. Show 
all the possible outcomes of the toss of a coin and 
" one spin on this spinner. The dial is divided into 
Vth^ree^Qqual regions. 



Coin Spinner 
R 

H 





Coin 

a. ■ ' P(HY) = 

b. P(TB) = 



Spinner 






R^. 


<> 


Y 










T 









C. PfTR) = 

d. P(HB)= 

e. P(NotHB) = 
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3. Complete this tree diagram and ttie table to 
" ; sho)iv*all .the possible outcomes of two spins. 
• The diaJ is divided into three equal regions. 



First Spin 



Second Spin 














Second Spin 



First 
Spin 



^ 







B^ 


Y 










— t 
B 

y 












i 





The total number of outcomes is . 



,a. P{RB) = 

b. P(YR)=_ 

c. P(N«(rYRy^= 



d. . PfBY or R 



e. PfRY or BY'orYY) = J : 

f. ^How many possible outcomes are^ 
> * there if this spinner is spun . 

three times? . 



4 
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A 
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4. Complete this tree-diagram and the table to show " 
airthej^sr^ible outcomes of two spins with this 
. spinner. T,he dial is divided Into four equal regions. 



First Spin ' Second Spin 

Q 

1. . 




Second Spin 





r 




First 
Spin 



The ^talhumtier of outcomes is'* 

• b.- P(2,3 or \1) = . ' ' 
c- PiNet .4^2) = ■■• - • . ' 



d. P (Not 1,2 .and NQt.3,2)' = 

e. ^ P{Two odd numbers) = 

\\. PINot two odd number?) = _ 
/gT^CThree odct numbers) = 





1 




f 


i 


1 






1,3 


1 
1 






















4. 











h. - Rdwo odd numbers or two even- 

numbers) = . ^ - 

I. PIAtteastone 1X5 ^ ' . 



PlNot^mor^ than one odd number)- 



k. ^Th'is spinner*!^ spun four times. 

Flbw^many possibje outcomes ate' 
' there? . " V ^ ^ 



Coimptete this tree diagram and thelables to 
sHow all the possible outcomes of three spins." 
, The dial \s divided Into three equal regions. - 

» 

FirstiSpin Second Spin Third Spin 

R 



/ D 

/ ^ 









First 
Spin . 



Second Spin 





R - 




Y 


R 
















Y 









Third Spin 



CO 

C 

CO 

•o 
c 
o 
o 

CO 
\^ 

CO 











RR 1 -k^ 






RBi 




V 


« 








BR 
























YR: 

























a. P(RBB)=. 



— b; P(YRB)=^ 



c. P(Not BRB) = 

d. -m-Ym W- " - 



e. P{YRRonRRR) = ' 

, ■ ' > ' — ' 

f. The? probability that the 

colors will be-the^sa4?ie on 
., / three spins Is 

5^' 
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6. Complete the table to show all the possljjle sums of the dots on two ^jce. ' / 



I 

o 

to 



o 

CD. 

E 
13 



Number on Second Die 





li 


2 


3 • 


4 


■5 i 


.•6 


1 


2 


.3 . 




'J 


/ 
1 

/ 


7 


2 


. 3 ' 


- 






' i 
\i 

\ 




3 




-5 










4 








•8 






5 










10 




6 












12 



a. One way to get a sum of 7 is to get a 1 on the first die and a 6 
on the second die. .We can write this as 01,6) . There are five 
more ways to get a sum of 1. List them below. 

• .L_^l -f'. l ( . ). ( . ). ( , ) . 

•i).^'How many entries are there i/i the table? • ^ ' 



\ 



c. How many possible. entries are there when you tdss two dice? 



d. Of the entries inihe table, howmany ^re B''sr ? 



e. ' What is the probability of getting a sum of 6 when two dice a*re 
. tossed? ' . . 

i. ' How many of the entries are odd numbers? 



ERIC 



59- 



54 



•g. What is the probability of getting a sum that i$*an odd number? 



h. 

k 
J. 



How many Of the sums are either 5's'6r 9's ? ^ 

What is the probability that the sum will be either 5 or 9 ? 



(1) P{sum = 3) = 

(2) P{sum = 8) = 



(3) P(sum = 12) = 

(4) Plsum =.2) = 



(5) P(SUI71 = 11) = 



(6) Plsum = 2 or sym = 12) = 

(7) Plsum = 6or sum = 8) = 



18) Plsum =5 or sum = 9) =^ 

19) Plsum,' ^ 7) \ 
110) Plsum > 9) 



7. Fill in the tree diagram and the tables to show-all the outcomes when 
. three coins are tossed. Use it to answer questions a .through ,] .. 



First Coin Second Coin 



H 



.6i 

Third Coin 



T £J 





Second Coin 







H 


T 


First 








Coin. 


T 







Third Coin 



•First 
. and 
Second 
Coins 





' H- 


r 


HH 






HT 


J 




TH 






n 







Whajt is th,e total number of outcomes when three coins are 
tossed? , , ;f ^ • 

H — ■ , : 

Hpw many of these outcomes include thhe heads? 

What is the probability of getting th^ee>heads when three coins 

are-tossed? - 

How many of these Outcomes include two heads and one tail-? 



What is the probability of getting twg heads and one tail when 
thr^e coins are tossed?. , • 

Whafeis the probability of getting three'^tails when three coins 
Sfe tossed? • *• ■ . ' . , 

What is the probability of getting at least one tail when three coins 
are tossed? ^ . ' 

What is the probability that you will iiof get three heads or three 

tails when you toss three coins? 

WhaUs the probability that you will get heads oh thefirst coin? ' 



(ir 


_ ^ 

PB^adsy • = 


-. (6) P(No heads)". =' 


(2) 


P(2 heads, 1 tajl)^ = 


. (7) P( 3 tails) 


(3) 


P(Not -3 heads) 


. (8) P(No tails) 


(4) 


P(3 heads or 3 tails) = 


. (9) P(At least I'head) = 


(5) 


P(At least 2 tails) = • 


. (10) P(At least 1 head 


• 




; or 1 tail) •= 



i 
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8.- Complete the table to show all the possible 

sums of numbers on twoT^rrs" The dial is ' 

' divided into twelve equal regions. 

Second Spin 




1 





1 


2 , 


3 


4 


5. 


• 6 


7 


8 


9 


10 


11 


12 


1 


2 


3 






- 














— J, 

13 


2 






5 




















3 


• 
















• 








4 




















0 






5 




















«f 






6 


» 










12 








- ♦ 


*• 




• 7 


























OO 
















> 










? 


























10 


























11 


























12 



























b. 

d. 

1/; 
. h. 

* 

J. 
k. 



'How many entries are represented in^this table? 
Of thes:e entries, hoiv many are 9's ? 



What is the probability of petting a sum of 9 on two spins? 
P(sum = 5)= . e. P(sum = 12) = 



Pfsum is odd) = 

pwm <: 4)= : 



g. P{sum >18) = 
i. P{sum ^ 2) = 



Which sum has the greatest probability? 



" o 
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Which two sums have the least probability? 
. ' ' 62 
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9. . Compfete the table to show the possible 
products of numbers on two spins. The ' 
dial is divided into ten equal regions; 



Second Spin 





•1 


2 


3 


4 


5 


6 


. 7 


8 


9 


10 


1 


1 


2 












. - 










. 4 
















20 


'3 








• 














4 








< 










• 




5 






15 






. \ 










. 6 






















7 


t 




















8 






















9 


















— J' — 




10 












% 











.a. How many entries are represented in this table? _ 

. .b. ' Haw many times i"s there a product equal to 16 ? _ 

c. What is 'the probability that a product equals 16 ? 

■ d. p(24)''^ ^'"'^^- ' . • ^ ' 

, e. P(27) = _. 

f. P^eyen number) = . ^ " 

g. - PdS < product < 30) = :. 

, h. - P(multiple of 5) = . 

^ . ■ ~~~ ' , 1. . 

. i. List the prodi^cts which have a probability of ^ : 

' , ' .- — ' — — ' — ^ — ' ' 




Ussbn 9 - "Botti, -and ;%elther, or" 



A bag contains 3 marbles, one red,, one green, and one white.'* 
Uts draw a marble, note its color, and return it to the bag., , Shake the 
bag and draw again. V ' 



P(red on first draw) = y 



1 



P(green^on second draw) = 

' We want to find the prpbability1)f getting both ared marble on the first 
draw and a greerf marble on the second draw. Complete the table and tree 
diagram.of the possible outcomes. - - 



-r^Flrst' 
- Draw 





: ' Red 


Green 


White 


^ed 






> 


Green' 








White 









V 



Second Draw 




Both the table and the tree 
show-«9 possible outcomes. 
Onlyon&of them^is R,ed on.,- 
the first draw and "Green on 
the second draw (RG) . 



W 




P(RG.) = P(Both red on first and green on second) =^ 



o P(WR) 
ERIC 
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P(WW) = 
6# 



5.9 

Let' s ifiTnToTfti IS la m e bag with-' t ma rbi es, ph e red, o n e g ree n, 
"arid one white/ 



But now, wfc^t is the probability of eit[ier red on the first draw or green 
on the second draw or both red on the first and green on the second? 

Look at the table o^ the tree diagram we just made. There are 3 
possible outcomes in which the first draw is red: 

, RG, and * . / ' .. 



There are also 3/ outcomes in which the second draw is green : 
R G . . and . , 

Notice that you listed one of tFie outcomes Jwice. Which one? 



'1^ 

Therefore, there are only outcomes with either red pn the . 

first draw or green on the second,' or both rea on the first and green on 
the second. . • 

They are ■ " - . , ' , ■ - , and 



J, 



We can count jo see that 

P(Blther red on first or green on second or- both) = 

1. Pfeither R on first or W on second or both) = 

2. P(either::G on first or G on second or both) = . — ^ 



/ 



3. P(R on 'second or W on first or p on first! = 
4; P{ R oil first or G on first or W on first) = . 



ERjc . \ .■ ' •„.-■., - • ' . 



' Think of the saiTve bag and three. marbles, red, green, and white. • ' 

. rthis time we do'not replace the first marble before we draw the second 
marble. What is the probability of red on the first drSw and.green on the 
second draw ? . ' _ ' 

. Complete this table to show the outcomes. Remember that if we draw 
a red.on the firsl draw and do not replace it, it cannot be dr^wa on the 
second draw. So R,R is impossible. Is G,G possible? 



Second Draw 



First 
Draw 





Red 


• Green 


White 


Red 


impossible 


R G 




Green 








.White 


WR 







/ 



A tree diagrarn would also jhow the possible outcomes. As you complete 
, it. be careful to include only the possible outcomes. 



First Draw 



Second Draw 



1. How many possible outcomes are there? 

2. What is the p-robability pf red on the first draw? 



3. What iSvthe probability of green on the second ^w? - • " 

4. What is the probability of both red on the first draw and green on the 
second draw? (L^okforRG in the table.) ' ; .. ; . 

5. What is the probability of white on the first draw? " 



6. Wfjat is the prol3ability of both white on the first draw and vyhite on the 
second draw?" 

7. , List the^outcomes i^hich show a p^^P ^i^e first draw,, or a green on 
the second draw, ofWi. /T^/E' 

8. Plejther red on first.or.green on second or botfi) 



.9. P{either green on fjrst or white on second or bo1h) ^'^L ^ 

10.- P{WW)= . • 



11. the probability that white will be drawn on either the first draw or 
-gtsecond.draw or lx)th is . Does the phrase "or both" 

. affect th is" ^atement ? ' Why or why not ? - ; 



12. The probability that white" will not be drawn at all on.the.two draws 

^ \ 

♦ ^ 

• . ^ \ * « ^ 

: ' ^ ' 
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Exercises - Lesson 9. 



Use this spinner. The dial is divided 
into ten equal regions. 



1. What is the probability of red? _ 

2. What is the probability of blue? 





■ 3. What is the probability of a 7 ? 

.4. .P(5) = . 

5. - P(even number) = . 

6. .P(odd number).= . 



i 



Let's try our phrases "both, and" and "either, or"Mo find: 

7. the.probability of both red and even; . ' .' ^ -x 

8. y^e pro.lDability of either red or even or both. 

' Complete this table to help you find these probabilities. ; 

Numbers 



Colofs 





0 


'1 


2. 


3 


4 


5 


6 


• 7 


8 


"9 


Red , 


R,0 








R,4 












Blue 














B,6 









(Check your spinner ; is a redW possible? 



9. How many possible outcome^s are there? 



10. • Li^ the outcomes which are- both red and even: 
~ R 0 ' ■ . • > • 



Ikl^Now answer .Question 7 . ^Plboth red and even) 



i 12. List the outcomes which are red: • 



>• ' ■ • 

^ 13. How many outcomes are red? - " " . \ i 

: . 14. List the Outcomes which are even : 



15. Haw many outcomes are even? 



^16. HovHTlfny outcomes in Problems 12 and 14 are listed twice? 
17. Mow answer Question 8 . (either red or even or both) = 



18. PIboth red and 2) 



a 



21. 'Pleither red or odd or both) = 

22. « PIboth red and < 4) = .' ^ \ 

23. Plred or > 4) ='_^ . 

24. PIblue or*> 4) = . 




25. Pfblueor red) =____. ♦ \ 

26. P(both blue and red) = 

27. PIboth red and > 4) = ' . 
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19. PIboth blue and 4) = . - ■ .' /, ' 

20. Pleither blue or even or both) = - . \ ^ ^ ' i . 



r 



Brain teaser - Quacky Quotients ' 

^ This is a game for two ptayers. You need two spinners numbered l^to 9 . 

^ (You ca.n use the- spinners labeled 0-9 and spin again whenever 
^ either spinner stops on' a zero, or'you can cut out a new dial, divided-v 
info 9 equal parts, and place it under the poijiter of any spinner.) • 
* Each player spins once. The one with the latger number is called . 
player A an;l the other is player B . . . 

• Each player spins his spinner.^ The number on. player A's spinner 4s 
divided by the- number on player B's spinner. 

. ' If the first digit of the quotient is a 1 pr 2 or 3 (or .1 or .2 or .3), 
pl-ayer" A wins a point. If the first digit of. the quotient is 4 or 5 or 6 or 7 or 

"s or 9 {or .4 or .5 or .6 or .7 orr.8 or .9), B'wjns a point. Thus A wins 
on 3 of*the 9iaoi6ibilities while B wins on 6 of the 9 possibilities. 
Is it a fair game? Play it and then d'ecide. Here are examples : 



A spins an 8, B spins. 3 . |=2. + ... So A wins. 

7 

A spins a 7, B spins a 9. g = ... 

1 

A spins a 1, B spins a 4 t = , 25 . A wins. 



B wins. 



^ A spins a 3, B spins 5 . . B wins. ■ ■ ^ 

Spin 20 'times and see who wins. Play .several games before you decide 
if this isafairgame. Then make a table to show all the possible quotients in 
^ this game.' From this table you can see which player has an advantage.. What 

is the probability that player A , wilj win a point on one s^t of spins ? 

thatplayer B will win on one set of. spins? \^ Why could we not use 
0 on the dial- in this game? , 



1 



We will make free diagrams for one of these activities^tossing a coin. 
Show the possible outcomes for two tosses. • ' " 

Tree . Table - 



First Toss 
H' 



The Pascal Triahgte .r Usspn 10.. \^ ' ' • 

Lis\ some of the activities we tiave-tried which have had two equally/ . 
likely outcomes. 

, a, Sjiinner | re6,Jy.^JbUi^ ; d. . 

b. , - ' e. 

c. , ■■' f. 



" , Second Toss 
^- -H 


2H, OT 


IH, IT 


. OH, 2T. 


— T. 


. H H 


HT 


"'.'TT 


____ H .• 

■ — T" 




• TH..; 




Number of outcomes 


1 


- 2 


1 - 



Complete the tree and tabl^ ifor 3 tosses. 







3H,0T 


2H,lf 


1H,2T 


0H,3T 




HHH 


HHT 

✓ \ 


























Number of outcomes - 


1 


3 


3 


1 
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Now /nake one more tree (for four tosses) . t ■ 

FirstToss ' ' • Second Toss Third Toss Fourth Toss 




List the outcomes in the table. 



> 


4H.0T 


3H.1T 




MH.3T 


0H.4T 








• 






















































Number of outcomes 


1 


' 4- ^ 


6 


, 4 . 


1 - 



J Let's organize our data from the tables into 
f a triangular display, i- '■ - 

? _^First Toss 
> Second Toss 
Third Toss 



(Look at the first tablej 
3 3 1\ . (From the second tabfe.) 




Lookatour/display. Do you see a pattern ? " Do you see several different patterns? 

Can you com'plete the fifth row (5 tosses of a coinf without making a treeora talile? 
r.gpJ^JbackHo the fifth row and try it. " ^ - ' 



1 



V 
74 



On 



. Your fifth row should be . 

« -^H^OT^lfk^lT ^^3H,2T^^2H,3T^1HAT ^ 0H,5T 

Did>u write this row sp that it continues the triangle?' 



This pattern was noticed by a 17th-century mathematician, Blaise 
J . Pascal/ So it is named the Pascal Triapgle. . . 

■ Go bacK'to the triangle and complete rows 6 through 10. Don't rush 
through it. Place a ruler so that it touches the ends of the I's . • Draw a 
^. light line down toward the "Tenth Toss". Do the same on Mh sides; it 
will help you keep your display in order. Always work ni^tly. Your results 
• will be used to answer some questions. 

■ ^ Now go j^ck^o the first row of the triangle.' Write-ln, Just to the left. 
. of the words "First Toss", t^e number 24, The 2 sjands for the total 
number of outcomes for one toss of a coin. ' * / ' . 

? . Just to ttie left of "Second Toss", write a .4 to sHqw It represents 4 ' 
'r^ outcomes- for 2 tosses of fi. coin. What shouJj[ yoy writrto iWe left of 

"Third Toss" ? Complete by writing the total number of 

f -outcomes for each row. (The 7th row is 128 .and the 10th row is 1024.)' 

; . ' Do you also see a pattern to this colump of numbers? 
- What is the pattern ? • y 



Use the Pascal Triangle to 'answer these questions. 
•1. How many outcomes are there for 2 tosses? _ 



2. How many outcomes of exactly 2 heads are there in 2 Ibsses? 

3.. In 2-tosses, P(>2H) = ______ 

4: In 3 tosses,' P(3H) = ^ . • . * . 

5. . In 7.toss'es, P{7H) = _ _. * ' , f 

6r In 7 bosses, P{7T) = . , 

7. In 4 tosses, how many possible outcomes are there? , . - 



8. In 4 tos'ses,' how many outcomes can you expect fo be 2H,2T ?_ 

9. In 4 tosses, P{2H,2T) = , 

10, In 4 tosses, P(3H,g") = ^ 

11/ lln' 6 tosses^ P{4H,2T) = . ' • / * * " 

12. V .6 tosses, P{2H,4T)=^ l.| 

\.13. In 10 tosses, P(8H,2T)= \. : 
*14. In'iO. tosses, P(-2H,8T) = ' 

15. In 10 tosses; P{5H,5T) = __ . 

16., If you toss 10 coins at onje time, is the probability of ,4 heads and 
6 ta.ils^more^'likely or less likely than 7 heads arid 3^ils? 



r 



■likely 



Brain Teaser. If you toss 15^ coins at one time, the greatest probability- 
would be fo/ ^ 'heads, j^ > t^rils, and 'for 

tails. . 




Let's see how we can use the Pascal Triangle to help us answer other pro6lem 
-Look at the third row. . 

' I If the question were,' "How many different combinations of 
exactly 2 Heads are th%re?" , you would say • - ■ 

This triangle can be used to answer m.any questiSns. 

i 

^- Use the third row again. There are 3-^ people. How maay^different 
combinations of 2 people can you choose from 3 people? (Look at 2HilT.) 



Exercises Lesson. 10. . - 

. > 

Use your Pascal Triangle to answer these questions: 

1. -- From 4 people, how many committees of 2 can be chosen? 

(Look at 4th row, 2H,2T ). 

2. From 4 people, how many^comn^ees of 3 can be chosen? 

,3. From a group of 7 people, thiereare: 

a. .. How many ^lifferent committees of 3 people? 

» 

b. How many different committees of 4 ? 



. c. How many aifferent committees of 1 ? _ 
'd. How many different committees of 6.? _ 
e.- How many different committees of 7? 



4. a. In how manV different way! can a committee of 6 be chofen from 

♦ "agroupof 8,pupiis?^^ ^ ' - ' 

b. In- how many different ways can a committee of 7 be cjiosen from 
•a group of 8 4)upiis? ^ , " 

c. In how many different ways can a committee of 8 be chosen from 
a group of 8 pupils? ^ 

5, The teacher asi(s for 3 volunteers to go witin her to the library. 
However, 9 pupils volunteer. 

a. In how many different ways can the teacher select the 3 to go 
with her? . ^ . v 

• b. If the teacher could select 4 from the 9 pupils, how many 
different groups could there be? ' 

.6. There are 5 flavors of ice creBm : chocolate, vanilla, s1?rawberry, 
. black walnut,. and peach. - ' 

a. I n^how many different ways can you' choose 2 of these 

flavors? , • , ' 

\ ~ — \ , • > ^ * 

/ b. In , how many different ways can you choose 3 of these • 

flavors? 

c. -»In how many different ways can you choose 4 of these 

flavors? - ' . 



K tUngs To. Do At Home - Lesion 10. ' • 

l.| The Pascal Triangle can be used to show tfie different possible outcomes 
in making selections. It is a pattern and we expect results similar to it. 
;; To compare the actual results with the Pasfcal Triangle, toss two coins and- 
record the outcomes on the chart and on the graph. 

CHART "BAR GRAPH I ' 
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2 Heads 
0 Tails 


1 Head 
1 Tail 


/ 

CO 

•O CO 

/ 

O C\J 




f o ^Did 



2 heads^ occur about as ofteji as 2. fails? 
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rt^a 

b.' ^Did 1 head, 1 tail occur abpwwice as often as 2 heads? 
Were yo'urVesults about what y^phou^ht they might be? . 




2. 



Make a windmill witR twoYanes. See the Appefidix to learn how to make it. 
Coldr each vane red on one side and blue on the opposite side. Blow on 
the vanes and then place the-wlndmill on a flat surface to see which 
vanes are up. Mark.th€ chart to "show how Jhe vanes stop': both, vanes ^ 
-^dr one vane red and one vane blue, or both vanes blue. Show the 
totals on the graph. = ' 

I - CHART 
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1 ^ 1 

2 Vanes Red 
0 Vanes Blue 


1 Vane' Red 
1 Vane* Blue 


0 Vanes Red 
2 Vanes Blue 
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2 Vanes Red 
0 Vanes Blue 


1 Vane Red 
1 Vane Blue 


•O-Vanes Red 
2 Vanes Blue 



a. Would you expect the results.of this experiment to be about the same 
as with the coin tossing* experiment with two coins? 

b. Were your results about what you expected them to be? ^ 

c. Circle/your answer. Atiout how marly times would you expect an out- 
come of 1 vane red and 1 vane blue if you did this experiment' 1000 
tiiffes? 400 500. 600- 

.80 



3. • Toss three cains. Mark the chart and complete thejraph from the 
totals. rConSpare your results with row^3 of the Pascal TrianglB^. 
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BAR GRAPH 



3 Heads 
0 Tails 
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Number of Times in 20 

a. Fromthe Pascal TriaDgle, do you expect 2 heads, 1 tail, will occur ' 

about as often .as 2Jajls, I head? [_ • 

,b. Were your results about what you eixpected? 

C If you tossed 3 coins 600 times, about how m^ny times ^wou Id you 
expect ail 3 coins to land with the heads up? 



81 



4. 



' . , ' . ' ' ' ♦ • 75 

Add one more vane to1he wlndmHl you ffiade'so it will have,th.ree vanes. 
^ Coipr this third vane red on one side and blue on the-opposite side, ^tow 

on ftie vanes arid then place the windmill on a flat surface to see which 
• vaneSsSre up.- Mark the chart to sho^how the vanes stopped and complete 

the graph from the totafs. Compare your fesuitsiwith the Pascal Triangle^; 
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a. 



Numberof Times in 20 Spins 

Were your results about what you thought they would be? _^ 

^Nb. " If you did this. experiment 900 times,. '^about how many times wouJd 
; you expect»all 3 vanes to stop with red up? 

100 200 300 • 400 • . 500 * . , 
Ydu mightlike to try this experiment with a windmill of 4 Of more vanes. _ 



Conditional probability - Lesson 11. 

A coin is toss^ed 3 times. WhSt is the probability that at least two are 
heads? listing 1he outcomes in a table, we have: 



3H 

HHH 



2H 

. HHT 

THH 



JH 
HTT 
THT 
TTH 



OH • 
TTT 



* ♦ 

There are a total of 8 outcomes. The outcomes with at least 2 . heads are:' 

. . . There are 



outcomes which have at least two heads. So * 

P(at least 2 heads) = • '. . 

— ^ ^ ' 

■ Now:Suppose someone whispered to you, "The first toss was a head." 
^ What'is the probability of 2 tieads now? liook atthe tablfe The outcomes 
; with a head on the first toss are: , ' > > ^ ^ 



If X 

1^ -'^ 




. How many outcomes have a head on the fjrst toss?^ 

Of these, how many hav'e at leastjtwo heads? . ■ \ ' ' ' 

*p(at least 2 heads' if you ki?fow the first toss isj head) 
This could be abbrev-iated to ■ ^ ■ 

?(at least •2H I H on first toss) =^ " 
Thir is read, "The probability of at least two heads given a head on the first 

toss." in this example, the probabiMty'^of 1. headS iticreased from ; ; 

to', • when we knew that the first foss was i head, 



is 



1 , 
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Wftat is the probability of at least 2 ^ heads if we know that the first toss* 
shjows a tail? A list of the outcomes with a tail on the first^oss is: 

\ , THH^; ' THT, ' TTH, TTT ' • 
Of these, how many had at least 2 heads? 

" P{at least -2H I T on first toss) = 



Continue to use the table of outcomes for 3 coins to answer thefollowing 
questions. , ^ ' ' 



1. P(at' least T on first toss) = 

2. >(3T)-**____. 

3. •P(3T|I Dnfirsttoss)= 



4. P(at least 1H) = . 

5. P(at Jeast 2H I 2H on fir^t two tosses) = 



6. P(at least .IH I T on second toss) - 



7. P(exactly 2 tails)v=- 



# 8. P (exactly 2T | T on second tos.s) •= 
. 9. Plexactly 2H | H on first toss) = ^ 



10. P(at least IHJ 'exactly 1 tail) = 




Exercises - lesson 11. 



-? • 



Use this spinner. The dial is divided 
into 10 equal regions. 

1. On one spin . 

a. PfBlue) • • 

b. ' PfRed) - 

•c. .. P{2) = 




e. P{7) 



'd.' PfNot 2) 



f. V^Not 7).= 

g. 'P(even) = _ 

h. ■P{odd) = 



2. The 10 possible outcomes are: 

' RO, Rl, R2. R3. R4, B5, 86, 37, B8. ' B9 
?{both red and even) ^ . 



a. 



To answer ' (a. ), find those 



outcomes which -ai^e red (RO,' Rl, R2; R3, ,R4), and of those which 
are even^^tROrRA R4). Thus 3 of'the 'lO possible outcomes are 
both and even: 
b. Pfboth blue and even) = 
P(r6d| even) = > 



c. 



Remember that this means,.J'The 



probability of red given that jt is even. 
Vl[ P(red|odd) = 



It 



3. *' Use the sat^e spinner. List the numbers which are multiples of 4 . 

, , ^w .. (be sure that you list three) 

a, Pfmultiple of 4) 
. b. 
c. 



Pfboth red and a multiple of 4-) = 
P(eitjier red or a multiple of 4) = 
Pfboth even arid a multiple of 4) 











— 













e. P(red|multip[eof 4) = 
g. P(multipleof 4|red) = 



f; • P(multipleof4= ._ 

h. P(multipleof4|blue) = . 



i Which has the greatest probability, (1), (2), or (3) ? 
(1)" P(even.numberV ' 



(2) 'Pf^ven number I red) 

(3) P(even numberjblue) 



4^ 



-. ^^^^^ • ^ • . ' 

4^^omplete this table of outcomes oUwo spins on this spinner. It has 



four equal regiQps. 




Fi^rst 
Spin 





R 




B 


G 


R 










/W 




















G 











On two^pms, the: 

a. Total number of outcomes 

b. .P(RR) =: . 

c. P (at least one R) .= 



d. P(both R on first and G on second) = 

e. P(R on first I G • on secor^d) = ^ 

v-f. P(R- on secondlG on.rirst),=' . -. 



5 



g. P(at least one R | R JA first) = 
hr P(2R I R on first) = " 




(2) P(WW I W o/i second) 

(3) rfpmW) > 



/ 



'1 



'i 



1 * -1. 



i. P(at least one W | R on second) = / • . 
I Which has the smallest probability, (1), (2),' or {3) '?.__1 
(i) P(WW| W oii first) ; * 1 



i 



1 



liesson 1? Ghosts , Goblins and " Coins that Remember " . 

' 1. Do you believe that there are ghosts? . ' 

2. Do you believe that there ar^ goblins? 

' bo you believe that «'Coin can remember? 



.You p^olxably answered "No"'io all these .questions. « Yet often we hear 
■ peopl^ talk as. if they believe that coins can think and remember. Th^ey really 
do not understand the. ideas in the jaw of large numbers. Most pieople call it 
the law of averages, and they often draw wrong conclusions fromjt. 

( . You have heard people say: • ^ / . . ' 

■ A. V "I h^e tossed an honest^in four times. Each time it came up heads: 
The law of averages sa^llnat the next toss win be tails. " 

Do you^believe that "the^xt toss is 'mof^e likely^to betails than heads? 

' • , B. "% teacher uses a spinner tol assign positions for the baseball ga,me 
of "work up"., I haven't'been assigned as a pitcher yet this year. 



KfERiC 



Therefore* by the law of averages, I'm sure to be assigned as pitcher 
today* " 

Do you -think that .this pupil is more likely ^an not 



4 



to be Chosen as 



•a pitcher? \ , " , . r 

C. "I have been tossing an honest die. In 23 tosses, the face with one 

-dot on it has never been up. By the Jaw of averages, it is very likely 

that it will come up^on the next' toss." . - , " . 
I • • , .... I 

1, Do you think the face, with one dpt: rs mofe likely than any other face? 



Let's look at each of these examples of a misunderstanding of the- "law.Qf 
averages". Look back at statement A . • - 

• A. A coin does not have a memory.-. It cannot "remember", 
that it has been heads .on the last four tosses. There i^ * 
, ' an equai ctiance for heads or for tails on the next toss. 

- We can use mathematics to provejfiat jt Is "unusual" to have a coin ' 
show four heads in four tosses. We.can draw a tree diagram, make a table, 
or look at the fourth row in the Pascal Triangle. ^ How many different 
ot|icomes are there when 4 coins are tossed or when one coin is, tossed 
4 times? How many of these outcomes consist of four heads? • So, ' 
P(4 heads) = i . ' \ . : ^' 

16 ' ' . - * 

However, this also means that we expect 4 heads in a row,, once every 
16 times that we toss 4 coins. The coin while flying through the air. on 
the' fifth toss cannot say to itself, ;'Well, that's 4 heads in a row; I ^ 

better twist a bit more and be sure to land tails or'i'll mess up the 'law of 

■ 1 ^ 

•jkverages' ." The probability of heads on the next toss is of| course ^ , the 

s ime as any-other individual toss. Some people who misunderstand the 
liwof averages think the pfbbability of tails is much greater tha ^ ^fter 

coin has ,bjeen ^leaiirseve^ahimes \ w row., .ffo you know people like this? 
fhey havf fprgotten^that^What hap^^^ on one toss has NOTHING to do with 



RjBfer.to statements B and C . 



B. ^' If l^ereare 9 positions on the basebalU»fteld, then the 

"probability of getting any one position "is 1 out of 9. 
' The fact that,this.pupif*has not been a pitcher yet does 
not cause the spinner to favor one position for him over 
^ the others. He.stiJI has only 1 chance in 9 of being < 
a pitcher today? ' ' ^ 

C. This persofi is overlooking one simple fact about a die'-- 
it cannot think! It cannot say, "Let's see now. - I know 

Jhe probability of any face, is ^. My.face with one dot 
on it has not been up in 23' to^es, ,so on the next toss. 
I'll land so that thejace with the one dot is on the top. " 



This person is thinking, "One face hadn't been up for a long fime, so 



that face \s more likely to. come up than any of the others. " This^a mistake 
about the law of averages that people often m^e. He doesnk really^elieve 

could. Each face on a die h|as 
e» the face |vith oneW^a's 



that dic^ can th'nk, yet he is acting a*s if they 
just as much chance to be up^as any other fa 



not been up in 100 tosses, it stiflihas no md/e chance thaiji any other face 
to 'be .up On the next toss. In- fact, it has just one chance^oMfsix;'^ 
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Can you think of other correct or incorrect statements that you have 
heard^bout the law. of averages? • List some of them. 



. Why do SO ma^y people misunderstand the law o.f averages? It is too bad, 
but we ail believe things and arrive-^ conclusions which just aren't true. - 

• Which of these statements afe false? ' 
" ■ 1. Lightning never strikes twice in the same place. . .. 

2. If you ha'^ndle a frog, you'll get warts.^ , ^ 

3. The end of the Panama CanaTon the Pacific Ocean side is 
-fartherwest than the end on the Atlantic Ocean side. 

4. Horses are smarter than. pigs. . . * " * 
- --5'.- George Washington- threw a dollar across the Potomac River. 

^ • t' Columbus discovered Amer'ica. 



them? If you did, it. isn't at 
are all false. Mosf^of us bel 



■ Many people believe some of these statements. Did you believe any of 

• 'lall surprising. However, the sjx stat|men|s . 

leve sdme things[w]iich Really areifl'tiiue. Why 
-\s this so? There are man|y reasons.'- AmQfigjl5,e«^re; ■ 

'X We'are told or we haVe read so(neVh!ng which \% r^4r;-«ei,,.but . 

" we remepFiiier it. " , ' • . r- 

2. We did not understand what we-were told or what we nave read. . 



3. 'We reasonejd Incorrectly. ' . 



- ^ ..4.. Our experience cause^Tus to believe spme^hlnyhat wa^t trui 
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5. We jumped to a conclusipn without knowing enough facts/ 
•6» We failed to check our belief against the facts. 

This list could go on and on. Themnay be other reasons fhat you can, 
think of. People arrive at fal.se ideas about the law of averages for many^ 
these same reasons. We can be fooled unless we are very careful. We ' 
m'rght believe that an outcome, such as h^ds on a toss of a c^ri, is bound ' 
to tiapiperi Ifjt hasn't happened for many tosses. It is eafy to uf^erstand 
how our brain fools us in ttjis4;ase. It tells us that for a large ntimber of 
toss^f a coin, hea^will occur ak)ut half of the time - and this is true. 
This is ar^example of tlfe law of large numbers. Then we observe that heads 
■ hasn't occurred for several tosses and we make the mistake of thinking that 
heads must now start occurring more often to "catch up" with the number 
of tails. Tliis i^ not true. R^emember, a coin can't think. On each .toss, 
there is just as muoh chance for heads to turn up as for tails. 

By using mathematics, we can learn many interesting .things. For ^ 
example, froi?^5 children in your room, there are 6,435/different ways 
y|)u can have 7 j:hildren on a committee.^- If you choose a 7-member | 
committee from 30 students, you haJe a choice of 2, 035, 800 ' different 
comijnittets. Another example is if a' qoin has been tossed and heads tiave ' 
^occurred 7 out of 10 times, chances*are less than i that tails will . 

"catch up" ' in 100 tosses. The mathematician can telfwhat'will probably ' 

■-i^ . - ' ' ' • V ' / ' ' ' 

happen in cases such as this. ^ \'- 

The next time.that yoiXhear some stafe'mentiabout the'"law of average^", 
.listen carefuMy. "fry to find \yhat t^pers^i be^eves and see if.hejs usi.n| 
' it correctly. * . ''■ ' ' ■■. 



Exercises - Lesson. 12. 



Mark these TRUE or\FAl:S€ . 



1. ^ou have been spinning a spinner that has a dial which 

1 ' • ^1 . . • 

is -z black-and r red. The last fo.ur spins have landed 

on black. It is more, likely that the spinner will show red 

on the next spin than black. . . 

2. " The last five new pupils who came-to our school were boys. 

The chances-are better than equal that the next new pUpiil' " 
will'be a girl.. . * Ir^ 

3. Jhe hospital reported that the last seven -babies born there . 
were^^iris. 'It is fnore likely that the next baby born there 
wfll be a boy than^that it will be a gir-l. 

4., Th,e weatherman says that ona+he average it rains 4 days 
during the month of July. Today is the 27th July and it 
, has not rained all month. There^fore, it wil!|rain|tonjiorrow. 

5. An auto dealer has- 250 new cars and he knows that one 
out of every five new cars -h/sells is colored b^ack. This 
' week he has sold a blue/ a white, a green, and a grey car. 
. It is more Hkefy.than not that the next car he sells* will 
be a black one. 



Things Jc; Do At Home {- Lesson 12. . . , 

/ • . 

This eVper-iraent may help you to see why some peopje-draw wrong 

^elusion's from the law of averages. / • 



'» ^^^^^ . / 



Prob'terii! *• . , • • . . . • ; \ , ' ^ • / ■ ' ' 
How maWy times," on the average, do you thini< tfiat you woli W Kave to 
toss a coin before W comes up heads? Usq the cfiart on the next page. 




Procedthre: 

•' Toss a coin. Count the number oftos-^es until you get a^head. For 

example: If you get a head oh the first :toss, write^ l inH^e CoiumnJuk . 

to the right of '.' 1st head" . Start over. ' If you dCKfiot get a'jiead until th.e 

■ fourfh toss; w/rite a 4 justtothe right of .'' 2nd head!'. Continue yntii ;' 

.you have completed,q0lumn A. RepeatlQn,c<)lujti'nV.-.B through E. Eath 

column provides' spabs to" recdird the tosses%r lb ^heads. 

•"'.ft • • . ^-'^ ■ - 
After you have toss'ed 50 heads,^ add the number of tosses to get each 

Divide each of these'iunis.by , 1,0 .t^find the average » 



group of- ten heads. 

nuritber of tosses needed to get one head.'. f 



Then, add the sums from the ffve col uriinscM divide by 50 This 
give^ the average number of tosses to get one heci|r Is tHjs^ average closer 
to^ 2 than the average fyr each of the fiye c^luml^? How many tim^s did 
it take more than 5 bsses to get a Head?, How.^any Ji'^rpes did it take, 2 
tosses to get a head? How npany times did it take. only nossvto get a head? 



V 



0/ 
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1st heack, 
2nd heacfs 
'3rd head 
4th head 
> ."^th headf 
/ 6th head 
7th head 
8th head 
9th head 
10th head 



SUM 10 



c 



Number of Tosses to^Get a Kgd 

















— -f 


* 





































B 



. Perhaps now you can see why soRie people misunderstand theJaw of 
averages. With many tj)sses of a cjiin, ^e do see'that about half of the 
tosses are hea"^s. That is, 1t takes 2 tosses, "on thfe average ,, loget heads. 

^ • . - j 

But, when you tos.sed a coin, you found that sometimes you tossed a head 
on only 1 toss. Other timers, you had to toss the coin several times to get- 
a tiead.' This should help you understand that these people fail to seeihat 
the "^verag^'^s ma^e from liumbers that differ quite widely and tjiat there ^ 
is N^T a "law^"lwlfiich says that you must get a head after tossing 5 tails, 
for example. . ' > " ) 
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APP.EN.DIX - Probability De\^ices- - . ^ 

This appendix suggests devices which you might like to make. You can 
think of games which can be played with them. Decide how to organize and 
^recoi'd'the data. These devices can help you in your study of probability. 

1. Regular Solids * ' ' - 

We have used coins, dice, cubes, cards,tind oth^r materials to help us- 
* learn about-probajDility, but there are mahy.devices which are Just as useful. 
tM patterns on the next six pages are for the construction of !;egular solids 
which can be used in probability experiments. The patterns can.be traced on 
' tagboard and th^ solids will then be sturdy enough to toss or roll. 

The tetrahedron, octahedron, and hexahe^bn.(cube) are not difficult to 



construct. Just fold on the dotted lines and gjue the tats. 

■; / ■■ : 

The dodecahedron is more difficult to construct. Make the first -half of it 
\l)y cuttjng ft the dotted line at dach arrow. T^hen fold on the dotted lines and 



jttlr 
tile 



glue the tabs. Complete by folding the. second half and gluing itio the first 
hajf, tab by tab.|^ Do not make both halves and thei^ try to put them together. 

' The icosabedron^appears difficilj/t to construct, but it isn't. Cut to the 



clotted lineat each arrow. Then fold and glue. the tabs in order, one by one, 



. and 'it wiH wbrk|out nicely. ' ^ . . 



; 

\ 
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f ♦ 




If the cube Is tp have . 
"dots" on its faces, make 
the dot^ as shown befow^ 



) 



3 





1 



If the cube is to be 
numbered, use the 
numbers.as shown 
so that opposite faces 
will have a sum of 7 , 



J 



4 



Cube 

. . or 

Hexahedron 97 
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■ ( 



glue the tabs 



cut to the 
clotted line at 
each arrow. 




After cutting it out,, 
glue the adjoining ■ " \; 
tab to the edges'. 



A dodecahedron is a 
sol id with 12 faces.- 
It majy be numbered, 
cojored, or dven used 
as a Calendar 
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First halfiof a Dodecahedron 



<7 



• • '92 /. 



r ' ^- 



glue the. tabs 



cut to the 
dotted line at 
each arrow. 




After cutting it out, 
gtue the adjoining 
tab to the edges'. 



A dodecahedron is a 
sol id with 12 faces.- 
It may be numbered, 
cojored, or ^ven used 
as a (calendar 



First halfof a Dodecahedron 
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After cutting this out, do- not 
\gtue adjoining tabs to tlie edge. 
Instead, glue one tab at a time, 
.to the first-half of the dodecahedron. 



glue the 
tabs- . 




cut to the ■ 
dotted, line ' 
at each, 
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Second half of a Dodecahedron 
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2.. Togs 



Fox^a 5mal1 tojj'you rieed a , piece ofcardiward, a wood dowel or sucker 
.stick, a straight edge; -and a compass. Use a two-inch 'piece of dowel or 
sucker, st-ick. Sharpen one end to.a point with a pencil sharpener! • 

1 ' » 

Use a compap and straight edge to make thB-dial-from cardlx)ard.' Mark 
a point for the center and Vawa circle ^with radius . 1^ inches.^ Mark any . 



point bn the circle and, with that.point as center, strike an arcwitti fhe same 
radius to intersect the circle.^ Continue to strike arcs around the circle.- 

First point ' . - • ' . * 




Connect points- marked and cut off the outer part of the region to make a 
'hexago.na I region. Divide it as desired. Here are some suggestions: 



0 



• 96 



r 
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.Poke th e ,sha rpen ed end of the .stick th rough the centeRsof th e h ex^gon. 
(A drop of glue will help to keep it from wearing too large a hole, but exper'h' 
\ ment first to find th^ best'l}alance*for the top. ) Spip the stick between thumb, 
and forefinger. Spin the top on a flat surface. 'The edge that stops against 
•the fable i's the on6 that is counted. " > ^ ^ 

^ A large top may be made lathe same Way. Pxw ordinary pencil makes' an 
adequate stick. It* is a good idea,, h'owever, to slit the cardboard along the 

* division lines at the c^ter Ig^efore inserting the pencil.'- Use jlue to fasten 
.the cardboard to the pencil. . ^ - 

■The top' can aKo be made, with eight edges or with twelve.' Do you know 
how to do this? 





You can. make a top'with two or three dials. • Use a sucker stick or thin 

do^veL 3^ inches long and sha|pened»at one §nd. Make a circular cardboard 

. dial 6 inches in diameter. Inscribe a hexagon, but do not cut it out. Colo^ 

ad shown: • ^ ' ' • - _ s - - ■ 

1'/ . ■ . i 



insert the-stick through the. center and glue the dial to the stick. : 

When the glufe is dry; place over the dial a '.'bearingl' made, of.a piece of. 
milk carton' 1 Jnch square with a hole in the middle. Make ano)[her cHal 6 
Inches in diameter, but if possible use cardboard that is slightly lighter in 
weight. Ifiscrib'e a hexagon, color, and cut as.shown: 

5 ■ 

Make cuts - q inches long on the 

f ' o - . 

lines, as shown by arrows. Bend 
thecardboarct.uponthe rightof * 
each cut to make a triangular ^ 
' "wind-catcher". 



Place this djal on top of the bear4rig. Before spinning the top, line up the 
two dials so that the colors tfiatch. The bent-up cardboard will let you dp 
this.' Spin. Record the number ofspins necessary before the colors a'gain 

niatch.. How many s[D ins would you .expect it to take? . ' 

• , " . ' ■ . 
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'3. ' Spinners - ' /' 
„ ' r'Spinfieri whiclrrcome ^ith most game.s have a fixed dial and an arrdw. 



which spins. You can make this type of spinner.* Another spinner which is * 
easily constructed is one jn which the dial spip^, as shown in the drawing. 
Construct the iDase out of heavy tag board. Us€-a' heavy paper clip for J he post 
and then various dials may.be exchanged and used on the base. ^ ' 



■ / 



V 
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Another spjnner with dials whflch go from large td small can illustrate hoW' 
• ^ items can be put into^n order. Each heavy cardboard dial is divided into a 

number of equal parts. Ttie number of parts is the same as the number of/ 
^ " items to be ordered. For example, to experiment to see how four rows in a-- • 
classroom* might be dismissed forfunch, each of four dials is divided into four, 
equal, parts. (A. dial is made fof each row. ) the dials ^nd record how they 



.line up with the arrow on the base. This deviclran be used to Ulustrab an 
orderly way of arriving at and listing the various arrangements. 



1 i i 




\ 



A: N ■Wlndniiir, 



Gut fojox pleces'Of file card or tagbo^rd to make two vanes. 

5 : 5 in. — --r r- 



in. 



t ^ 

1/2 in. 



^ .Staple two pieces together in two pla^s as shdwn in Sketch B. Color one side 
. of this vane red with a pencil or c-f^yon. Insert a sucker stick in the middle 
between the two pieces. Use a punch to make a hole In'a piece of milk carton 
one-half ii^ch square for a."bea^ring".. Staple the other two pieced of file card 
. together to make a secohd vane. 'Mark one side, as^ before, and^insert the top 
of the stick between them. Paste a strip of gummed pa'par or tape over one . end 
^ ■ of a small spool. Put th.e end of the stick into the holefat the other end of'the 
spool.. Hold the spJpl and Wow the file card vanes. 'They should turn quickly 
/and .independently. 



staple 




\ B 
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, . . Pi:actKie blowing a'few timesi 
^ ■ '. ' > ' . ^ . 

When vanes h^ve stopped turning, 

lay them gently on a flat surface 

r, ""^'^^ carton -fee^ring .^q ^j^g^ vanes are flat on the 

"surface. Then redord whether 

both vgnes are red^ one is red 

a nd one is wh ite, of bot h a re 

white. After fifty trials, doihe' 

the results of the experiment v" . 

H^r." fit with the expected results? f 
108 ' : • . kj 



1,02 * • ' ~ ) , 

Whiriy - bird • ■ ' 

■ This is another type of windmilj. 

• ' Use-a section of quarter-inch dowel about two feet long. ' Wax it by . 
rubbjng it with a piece of crayon. Follow the directions as given for a wi.nd- 
mill and iT>aJ<e as-manV file-card.vahes and milk-'carton-bearings as desired. • 
Hold the^dowel at both ends, like'.a. harmonica,. anTblowT' When \^'nes'have 
' , stopped'turning, lay the Whirly-bircl gently on a tJat surface so that all 
vanes are on this surface. One vane corresponds to one coin, so tehwanes " 
cap be used to duplic^t^n experiment of "tossing ten coins". Can you ' " , 
; ttiink of other ways to color the-vanes so that pthere)^eriments can be 
done? ^ . ' . 
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5. Spoon device ' ♦ , ° • * ' , 

Use two plastic picnic spoons of different colors. Lay tlie tiandle of one 
on the handle ofjhe other so that the bowls are at opposite ends and face 
opposite ways. -Fasten with two rubber bands as shown at arrows. , . 




^ Roll the handles between your palms and drop on a table from a height of a, 
/ 'foot or so. The spoon on top counts. Is it just as likely that one spoon wiJI 
be upas the.other? ■ y ' ^ ' 




Many probability exper'yTvlnts require a sampling to bfe taken in a random 
manner. This device uses* various colored marbles. . 

*; . An oatmeal 'box serves v^ll as the container (urnU Cut' found lioles, 
^en. .for example, in the bottom of the box.. These holes should have ' s 
^dia meter slightly smaller than jh.e marbles sp the marbles cart J>Ef seen in - 
them. . Chinese Cl|ecker marbles 
ser\/elyell andcomein 'packag^es - 
of 6.'colors, . 10 of each. 
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Example: -Tell a fNend you have 60 marbles in the container. ^Dp not tell 
him how many there are of eacK Color. Use, for example, 40 white and 
20 blacR. Turn the urn up 10 times and record the number of black and- 
' \ .white which. show in each sampling. 'From4be totaV pr-edict.the probable 
' . * ' ndilibef-df wh ite"" aWtaaeK. ma rbles i n th e u rn. . / 



A second sampling box can 



be made byusing a box (rectangular pr 



cylindrical) with'^a lid. It should be large enough to allow objects such' as 
marbleS'Or small balFs to roll around. In .a corner of a rectangglar box or 
at the bottom edge'of a cylindrical. one, cut a h^le just large enough to let • 
one object ^othfough easily. Withihe hole pp, sHakethe box. Turn it 
over in your hand to Jet one object come out. ' ^ ■ " 

A' third sampling device, a paddle, is made as Shown ip^he drawing. 
The holes ar? slightly smaller in diameter than the marbles. Cut a box 
as shown (a shoe box wopks weil).^ Place marbles in the box. • Scoop with 
the p'atjdle'untii-all "holes" are filled. 'This gives a sample of the entire . 
collection of marbles. » . . • - ' 
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* An egg carton and some marble's can' be- used for experiments. For 

9 ^ • ' ' 

, example, color alternate pockets of1he carton black. Place 5 ' black maVbles 
and 5 white,(/nes inside the carton. .Close the lid, turn the carton upsnde 

- down, and aljowthe marbles to roll around. Flip the garton upright and 
open the lid." Record the information you are interested in, for example, 
the' number of black marbles In black pockets, etc. i .' 



1 



J . 




mi 
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8. Hexawhirl 



This gadget works like an ofd-fashioned buttonron-a-rstring toy., Cut from 
cardboard two circles with radius- It inches.' In each, punch two holes just 
big enough to insert a piece of strong string: The holes should be punched 
on one of the diameters of the circle, eSch ■« inch from the center. (See 



points marked X In Figure A.) 



V 




1 



AAake two or more cardboard hexagons using a 2« ^inch radius for tjie first, 

' 1 
a 3 inch radius for the second, etc. Cut a hole with radius. 1^ inches in 

the middle of each hexagon and number the sides 1 through 6. (See • 



Figure B.) 





B • 

. Use a strong string 50 Inches long. Insert one end thrbugh a hole in one of 
• . ' ' ' ' ' . t, ■ - ' 

A the circles, throughihe smaller hexagon, then the larger hexagon (making 

' "^YOre the numbered sides face the same way), and then through th^ #ex 

. 'circle. Leave a loop of string beyond the circle'and insert the string tl||0ugh . 

the other hole of the second circle, back through the larger hexagon,''the ^, 

smaller hexagon, and th,e first circle. Tie the ends of the string together to 

make a secon.d loop. Adjust the cardboar'd pieces so that the loops on e'^ch 
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7KI:A. FrQbability Scale 

When tossing two diceW other regular solids, it helps to construct a 
ble for counting how many ways a certain sum or product can be obtained. 



1 ii 

' Two cubes, for example, give the following sums. 



Sums 

2 
3 
4 

6 
7 
8 
.9 

, 10 
11 
12 



Possible Combination? • 

— — ' T 

(1,1) 

(1.2) , (2,1) 

(1.3) , (2,2), (3,1) 

(1.4) , (2,3), (3,2), (4,:i), 

(1.5) , (2,4), (3,3), (n,2), (5,1) 

(1.6) , (2,5), (3,4), (4,3), (5,2), (64l_ 

(2,6), (3,5), (4,4), (5,3), (6,2). 

(3,6), (4,5), (5,4), (6,31 

(4,6), (5,5), t6,4) 

. ^ (5,6), (6,5)4 

,(6,6) 

Total 



No. 'of Ways 
1 

t, 2 
3 
4 

* 5 * 



5 
4 
3 
2 
1 

36 



This informatien can be placed on two number lines on strips of cardboard '• 
~ as in the sketcti. - , , - * - . 



1 -2 • 3 ■■ > 
1 I- ,1 1 




• 

a ■ ■ 


> 


1 1 

6 . I 


1 1 1 1 

) ![■ 3 • 2 ■ 1 



These two strips c-an be placed in pockets of a larger piete ofJ:ardboard so that 
by.sljding.the sgles along, one quickly Sees the number of possible combina- 
tions. This figure shows' the "4 possible combinatiohs of a sum of 9. , 



Scales for other solids. may also be constructed. 
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side of the cardbosril are the same length.- There should be just enough 
space, between the circular pieces for -the hexagons to turn on the string. 
Fasten the circjes^to the string with a drop of glue.. Make an arrow on the 
circ-le next to.the smalLer hexagon.- (See Figure C.) 



O — i 




To operate the hexawhirl, hold a loop in each hand and swing the cardboard 



pieces around and around (25 or more times). Cmtil the loops of string are 



twisted. Pull the loops until the twisting is undone, release to allow string 
to twist the other way, and pull again: With practice you can-make the 
hexagons spin rapidly between the circles. Stop, and s|e whicl^ sides of the. 
hexagons are in line with the arrow (2 on tt\e siri'aller, B on the larmier, < 
for instance). Experiment-to fi'nd'-oiit: if the results are similar to those 
, obtained by throwing two dice. 



